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Abstract: Ultrasound often represents the first diagnostic step for thyroid nodule evaluation in
clinical practice, but baseline US alone is not always effective enough to achieve thyroid nodule
characterization. In the last decades new ultrasound techniques, such as CEUS, have been introduced
to evaluate thyroid parenchyma as recommended by EFSUMB guidelines, for use in clinical research
field, although its role is not yet clear. Several papers show the potential utility of CEUS in the
differential diagnosis of benign and malignant thyroid nodules and in the analysis of lymph node
involvement in neoplastic pathology. Therefore, we carried out an evaluation of the literature
concerning the role of CEUS in three specific areas: the characterization of the thyroid nodule,
the evaluation of minimally invasive treatment and loco-regional staging of the lymph node in
proven thyroid cancer. According to evidence reported, CEUS can also play an operative role in
nodular thyroid pathology as it is able to guide ablation procedures on thyroid nodule and metastatic
lymph nodes, to assess the radicality of surgery, to evaluate disease relapse at the level of the
margins of ablated regions and to monitor the clinical evolution of necrotic areas in immediate
post-treatment setting.
Keywords: thyroid nodule; CEUS; RF Ablation; thyroid nodule diagnosis; lymph node
1. Introduction
Ultrasound often represents the first diagnostic step for thyroid nodule evaluation in
clinical practice. The thyroid nodule is one of the most common endocrinological disease
and its incidental finding is very frequent during diagnostic neck examinations. In fact it is
reported in about 10% of CT and MRI and 40–50% of ultrasound neck examinations [1,2].
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It is noteworthy that the incidence of the thyroid nodule increases significantly as well
as that of the malignant rate. [3]. However, baseline US alone is not always effective
to achieve thyroid nodule characterization; that is why, especially in recent years, the
support of other imaging modalities have become increasingly necessary to limit as much
as possible the use of Fine Needle Aspiration Biopsy/Cytology, Core biopsy or even the
diagnostic thyroidectomy.
CT and MRI (DWI, DCE-MRI and hybrid PET/MRI techniques) play a primary role,
especially, in the visualization of deep metastatic lesions and in the evaluation of the
response to treatment in non-differentiated thyroid cancer histological types [4], in the
localized disease, whereas the use of Contrast-Enhanced-Ultrasonography for a second
level evaluation is extensively preferable. Currently, the latest guidelines for the use of
CEUS propose its employment in the evaluation of organs such as liver, kidney, testis
and lymph nodes [5–8], and in the context of diagnostic procedures such as monitoring
stent-graft status and in ultrasound-guided biopsies [9]. Conversely, the role of CEUS in
the evaluation of nodular and diffuse thyroid pathology is not universally accepted and
standardized, as it is not recommended by EFSUMB in its latest Guidelines as routine
clinical practice, although it enjoys a significantly active research field [5].
The main diagnostic application of the methodology in this area of interest is rep-
resented by the characterization of the different microvascular patterns, with diagnostic
accuracy superior to Color-Doppler alone [10]. Through the analysis of qualitative and
quantitative parameters, CEUS is in fact able to identify pathological changes in the vascu-
larity of both the thyroid nodule and the lymph nodes of the central and lateral compart-
ments of the neck. CEUS is, therefore, a potentially useful tool in the differential diagnosis
of benign and malignant pathologies. This is so even in the cases of nodules with indeter-
minate cytology, and in the analysis of lymph node involvement in neoplastic pathology.
Indeed, it has been reported that increases in ultrasonographic diagnostic accuracy, espe-
cially if associated with factor BRAF V600E [11,12] or integrated with superb microvascular
imaging (SMI) [13], ultrasound elastography and shear wave elastography [14].
CEUS can also play an operative role as well as a diagnostic one in nodular thyroid
pathology: in fact, it can be used to guide ablation procedures on thyroid nodule and
metastatic lymph nodes, to study the radicality of surgery, to evaluate the disease relapse at
the level of the margins of ablated regions and to monitor the clinical evolution of necrotic
areas in the immediate post-operative setting. [15,16].
Therefore, the purpose of this work was to carry out a narrative literature review on
the role of CEUS regarding three specific areas: (1) characterization of the thyroid nodule;
(2) evaluation of minimally invasive treatment (above all in percutaneous laser, microwave
and radiofrequency ablation); (3) loco-regional staging of the lymph node in proven thyroid
cancer patients.
2. Materials and Methods
The study was conducted mainly focusing on papers published over the last decade,
as these are based on stronger scientific evidence and larger samples on which to perform
retrospective studies with greater statistical significance. Research on online databases
such as PubMed and Google Scholar was performed:
- to evaluate the role of CEUS in discriminating benign from malignant thyroid nodules
using “CEUS or Contrast-Enhanced Ultrasonography” and “thyroid nodule or thyroid
cancer” as MESH terms;
- to investigate the role of CEUS in evaluating the efficacy of treatment performed
on thyroid nodules and nodal involvement the MESH terms “CEUS or Contrast-
Enhanced Ultrasonography” and “thyroid nodule or thyroid cancer” and “after treat-
ment” were used. Additionally, to evaluate the actual effectiveness of CEUS in
detecting nodal metastatic involvement “CEUS or Contrast-Enhanced Ultrasonogra-
phy” and “thyroid cancer lymph nodes or thyroid metastatic lymph nodes or thyroid
cancer lymphatic nodes” were used as MESH terms. In this case, 118 studies were
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identified from January 2010, but only 80 of them were retrieved because of their true
adherence to the topic.
3. Results and Discussion
3.1. CEUS r in the Diagnosis of Thyroid Nodule
Even if conventional US is recognized as the pivotal diagnostic tool to characterize
thyroid nodules, some limitations, such as low reproducibility and operator-dependent
performance, may reduce its diagnostic value. Furthermore, several additional US applica-
tions, including CEUS, have been reported recently in order to improve US performance in
the diagnosis of thyroid nodule. In fact, CEUS actually allows us to enhance the microvas-
cular blood flow of the nodule and then assess perfusion and vascular distribution in real
time during the US examination [17]. Unfortunately, the technique has not as yet been
fully standardized, there are no fixed references for quantitative or qualitative assessment
and, importantly, no single CEUS parameter seems to be sensitive and specific enough
for a diagnosis of malignancy. However, while the thyroid gland is rich in microvessels
and after the injection of contrast agent, the parenchyma of normal thyroid exhibits rapid
uniform enhancement, the vascular structures of nodules reveal enhancement in contrast
with that of normal tissue [18]. These characteristics can enable the use of CEUS in the
diagnosis of thyroid cancer.
Several studies showed that malignant nodules have specific CEUS enhancement
patterns (i.e., heterogeneous or low enhancement) [19,20] and some relevant meta-analyses
found a good level of performance for CEUS when discriminating thyroid cancer from be-
nign lesions. One systematic review with meta-analysis [21] included articles reporting data
regarding 1515 thyroid nodules with histological diagnoses only and their pre-operative
CEUS evaluations. This study recorded a pooled sensitivity, specificity, positive predictive
value and negative predictive value for CEUS of 85%, 82%, 83% and 85%, respectively,
without inconsistency of sensitivity and with mild inconsistency of specificity [21]. A sec-
ond meta-analysis, including further preliminary studies and comprehensive heterogeneity
analyses carried out to assess the performance of CEUS in identifying benign and malig-
nant thyroid nodules, confirmed that CEUS yielded high pooled sensitivity and specificity
(87% and 83%) with an AUC of 0.92, indicating that it might be a tool of considerable
value in the diagnosis of thyroid nodules [22]. However, there also existed a considerable
heterogeneity between the studies included, which might compromise the reliability of the
results [22]. This meta-analysis concluded that CEUS might provide high accuracy for the
identification of thyroid nodules, but that there is still insufficient evidence that the features
of CEUS can improve the diagnostic accuracy of US imaging reporting systems (such as
TIRADS) at present [22]. In addition to these evidence-based data, the diagnostic value of
CEUS regarding specific clusters of nodules, such as thyroid lesions with calcification, has
been said to score high when selecting those in which biopsy is indicated [23]. Anyway,
these results have been confirmed by all the studies [24]. It is important to note that the
features of CEUS were closely related to nodule size in several studies; Yuan et al. indicated
that patterns of real-time CEUS are significantly different when it comes to discerning
between benign and malignant thyroid nodules, and have important clinical value [25]. Ma
et al. showed that heterogeneous enhancement was an independent predictor of papillary
thyroid microcarcinoma [26]. Xu et al. reported that TIRADS classification plus CEUS may
be more accurate than TIRADS classification alone [27].
In addition to the above findings in literature regarding clinical applications of CEUS,
some general considerations should be taken into account about its use to discriminate
between thyroid cancer and benign thyroid nodules. It is well acknowledged that CEUS is
associated with a rate of adverse events close to zero (1:10,000 vs. 1–12:100 of iodinated
contrast agents) [5]. CEUS has a reasonable cost in many countries but is expensive in
others. Only one nodule can be evaluated for each injection of contrast agent. To date, no
established criterion for the patterns of enhancement and classification of thyroid nodules
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exists, so that it cannot be widely used worldwide [18]. Finally, CEUS is not included in
any TIRADS, making it controversial in clinical practice [28].
3.2. The Role of CEUS in the Evaluation of Thyroid Nodules after Thermal Ablation and
Radioactive Iodine Therapy
Traditionally surgery has been the main option for the treatment of thyroid nodules,
however it presents several drawbacks, such as general anesthesia, scarring and the risk of
induced hypothyroidism [29]. Thermal ablation has been increasingly applied in recent
years to reduce the invasiveness of treatment in patients with benign thyroid nodules,
recurrent thyroid cancer and metastatic cervical lymph nodes. Among the image-guided
thermal ablation techniques available for solid- and mixed-structure nodules, the most
commonly used are the following-laser (LA) and radiofrequency ablation (RFA) [30,31],
microwave ablation [15,32,33], and the latest one introduced-high-frequency ultrasound
(HIFU) [34,35]. Ultrasound (US) guided non-thermal ethanol ablation is performed in
predominantly cystic nodules [36]. Some guidelines and documents expressing consensus
suggest the use of image-guided thermal ablation as an alternative to surgery in patients
with symptomatic thyroid nodules, more recently as first-line treatment [29,37,38]. At
present, many studies have indicated a role for thermal ablation in primary thyroid micro-
carcinoma (PTMC) with low recurrence rate [39]. All diseases and their treatment require
proper follow-up period selection, clinically relevant history data and knowledge about
expected outcomes. Ultrasound is one of the most accessible methods for this purpose
with all its multiparametric-spectrum advantages.
3.2.1. Benign Nodules
One should be aware of the strict criteria regarding the use of thermal ablation proce-
dures when seeking expected findings during follow-up examinations. Thyroid nodules
should be symptomatic or cause mass effect and need to be confirmed as benign with at
least two US-guided fine-needle aspirations (FNA) or core-needle biopsy (CNB) before
treatment. A single benign diagnosis on FNA or CNB is sufficient when the nodule presents
US features highly specific for benignity (isoechoic spongiform nodules or partially cystic
nodules) or in the case of an autonomously functioning thyroid nodule (AFTN) at very
low risk of malignancy (less than 1%) [40]. The most important indicator of the efficacy of
treatment is reduction of the thyroid nodule’s volume after treatment. Reported mean data
for thermal ablation varies from 50.7 to 93.5% of volume reduction [41].
Percutaneous ethanol injection (PEI) has been used for decades in thyroid nodule
treatment [36] since it presents shorter procedure time and less periprocedural pain than
thermal ablative procedures [42]. PEI efficacy is mainly related to proportion of solid
and cystic component and is reported to be effective in the treatment of cystic nodules,
especially with cystic components of >90% [43]. Reported volume reduction has been
observed in 82.4–96.9% cases of cystic nodules and 65.8–86.2% in predominantly cystic
nodules. This can be explained by the fact that solid components are thought to be more
resistant to ethanol and that increased vascularity of nodules increases the drainage of
ethanol [44].
Nevertheless, the best treatment modality for predominantly cystic thyroid nodules is
still under debate because the reported recurrence rate after PEI is 26–38.3% [45], therefore,
a combination of both methods may be advised for benign thyroid nodules.
Even though thermal ablation is a safe and effective procedure in predominantly solid
nodules, the pattern of regrowth from margins can occur during follow-up, with a rate of
5.5% and 9% for RFA and laser ablation, respectively [46,47]. Rarely, nodules disappear
completely, generally leaving scar tissue–which appears predominantly hypoechoic or
has hyperechoic areas in the center of the area treated. Follow-up periods can affect
study results concerning volume reduction [48]. As the size of thyroid nodules reduces
gradually-mostly rapidly at the end of the first month and continues further up until at least
6–36 months. In the literature examined the primary outcome of image-guided thermal
ablations was associated with a volume reduction ratio (VRR) of 60%, 66%, 62% and 53%
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at months 6, 12, 24 and 36. On the whole, RFA was associated with a VRR of 68%, 75% and
87%, respectively. Laser ablation was associated with a VRR of 48%, 52%, 45% and 44%,
respectively. [21], suggestive of clinically significant and long-lasting volume reduction of
benign thyroid nodules with some risk of regrowth (20% in the RFA and 38% in the LA)
and needing lower retreatment after RFA over a 5-year follow-up period associated with a
young age, large baseline volume and treatment with low-energy delivery [30]. Further
promising results are also shown in the use of HIFU in a study by Trimboli et al., a reduction
of at least 50% was observed at months 6, 12 and 24 in 6.4%, 16.1% and 22.5% nodules,
respectively [34], while reduction of volume of 31.5% and 31.9% at 12 and 36 months,
respectively, was observedin a European multicenter study [35].
US is the most widely used imaging modality for the assessment of early signs of
a potential future regrowth of a nodule. Usually, the efficacy of an ablation technique
is defined in terms of volume reduction >50% of the initial volume and is evaluated at
one year after treatment [31,47]. Recently, some authors introduced the initial ablation ratio
(IAR) as a quantitative early indicator correlated with the reduction ratio of volume during
follow-up [31]. In their paper, Sim et al. evaluated the IAR identifying the ablated area on
standard B-mode ultrasound images [47]. According to this study, IAR is the ratio of the
ablated volume to the total volume of the nodule. If the IAR after RFA is <70%, the nodule
is likely to regrow [47]. However, some limitations of US, such as low reproducibility
and operator-depending performance and measuring, might reduce its accuracy in the
evaluation of the ablated volume of the thyroid nodule. In particular, the ablated area
can be difficult to demarcate clearly with B-mode, as it can appear as an isoechoic area
compared with nonablated surrounding thyroid tissue. In these cases, a contrast-enhanced
ultrasound (CEUS) is advocated after ablation to better identify the necrotic area, showing
reduction in the variation of measurements and may impact on IAR definition in thyroid
ablations [5].
CEUS is applied in some centers to precisely delineate the ablated area in thyroid
nodules treated with image-guided thermal ablation (Figure 1a–d) [49,50]. In addition,
US contrast agents can be directly administered to complete a standard US examination.,
They are safe, requires no preliminary blood testing and are well tolerated by patients. [50].
Ma et al. [51] evaluated the single-session complete ablation rate of US-guided percuta-
neous laser ablations for benign thyroid nodules and found that all decreased from the
original size within 1 day after ablation and suggested CEUS as the main method for the
evaluation of treatment efficacy. During the procedure, if CEUS shows nodules with a
small amount of residual tissue at the edge, the patient requires further ablation treatment
until the remnants of the lesion disappear completely. CEUS helps to clarify boundaries
between viable and nonviable tissue. This might prove helpful when seeking a more
precise and reproducible measure of the ablated area right after the ablation procedure and
e during follow up imaging-early (3 months) and intermediate term (6 and 12 months) are
the intervals suggested for follow-up with subsequent monitoring for up to 1–2 years, in
order to reveal regrowth [38]. Follow-up periods can be discontinued if treated nodules
disappear completely or remain as small scarring tissue [48].
3.2.2. Malignant Nodules and Lymph Nodes
In cases of PTMC the retrospective studies have reported minor recurrence rates, e.g.,
from Yan et al. with the largest sample sizes (414 cases), the overall incidence of local
tumor progression rate after RFA was only 3.62% including LNM (0.97%) and recurrence
PTMC (2.42%) [39]. In addition, the patients who received additional RFA achieved good
therapeutic results during follow-up. However, in a recent study, compared with PTMC,
PTC (diameter > 10 mm, T1bN0M0) patients who were enrolled to undergo the TA had
a relatively higher residual lesion and LNM ratio (3.03%, two in 66 cases; 1.52%, one in
66 cases, respectively) [52].
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In cases of Primary Thyroid Microcarcinoma (PTMC) Zhang et al. suggested that the
characteristics of high specificity, sensitivity and accuracy of CEUS might also be applied
to the postoperative evalu tion of PTMC and at the same ime, used to acc ss the exact
ablation zon and detect the residual enhancement of s spicious lesions [53]. Even though,
the postoperative pathology reports confirmed the pres nce of incomplete ablation in all
cases where 66.7% of them presented LNM. Therefore, the au hors nclud that thermal
ablation should be recommended with caution as a t atment for operable patients with
PTC. Of the t rmal treatm nt methods, RFA yielded a relatively lower complete ablation
rate com ared with MWA and LA in recently published research. This phenomenon
might be explained as follows: first, a part of the macro-calcification might not have been
totally ablated, secondly, MWA is rarely affected by the heat-sink effect (local cooling of the
thermal process by adjacent blood flow) that is thought to contribute to incomplete ablation
and local recurrence after RFA [54]. The use of US and contrast-enhanced ultrasound
(CEUS) examinations before ablation, in a study by Zhang et al. of 92 cases, confirmed by
core biopsy before and after treatment, revealed that RFA can effectively eliminate low-risk
PTMC with no signs of recurrence or residual tumor during follow-up periods of up to
12–18 months [55]. In a critical view of the satisfactory results of residual volume, there
were great differences in the absorption rate, ranging from 10.2% to 100%, after thermal
ablation in different trials [52]. PTMC is a slowly progressing disease and requires a longer
and more active follow-up period to verify the efficacy of treatment [33]. Two main criteria
are mandatory to evaluate ablated tissue vascularity and serum thyroglobulin (Tg) levels.
Vascularity may be assessed by imaging: computed tomography [56], magnetic resonance
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imaging within staging protocol [57] and Color Doppler ultrasound or CEUS-loss of color
signal or absence of contrast uptake within a treated lesion that was previously vascularized
is adequate evidence of appropriate thermal coagulation.
The main features to be assessed in ultrasonography are: changes in nodule size,
echogenicity and vascularity. Ablation areas are hypoechoic and tend to reduce in sizes.
The presence of intra-nodal vascularity after RFA is an important indicator of the need
to repeat the RFA procedure [58] because it should disappear in fully ablated regions. In
a study a of the prognostic value of CEUS, patterns and tumor size, a comparison was
made between extrathyroid extension (ETE) and non-ETE groups showing that the time
from peak to one-half tumor size and wash-in slope were significantly different between
the ETE and non-ETE groups [44]. Xiang et al. [59] evaluated the CEUS in the detection
of neck lymph node metastasis for papillary thyroid carcinoma. The results approved
heterogeneous enhancement, perfusion defects, microcalcification and centripetal/hybrid
enhancement as specific criteria for malignant lymph nodes.
Hypo-enhancement and absent enhancement are considered major CEUS patterns
characteristic of malignant thyroid nodules [23,60–62], and absent enhancement especially
for thyroid tumors of 10 mm or less in diameter. The main reason that malignant thyroid
tumors show a lack of blood supply is related to their complex neovascularization-once the
growth becomes greater than neovascularization, tumor necrosis and embolus formation
leads to hypo-enhancement on CEUS. Moreover, Zhou et al. [63] found that instead of hypo-
enhancement, the nodule-to-perinodule peak intensity ratio showed the best diagnostic
efficiency, with an optimal cut-off value of 0.9 [15].
In conclusion, CEUS is a precise tool before and after thyroid treatment, to use to
assess the margins of recent ablation or recurrence but overlapping data between CEUS
qualitative and quantitative evaluation parameters and criteria of benign and malignant
features indicate a limitation in the interpretation of the nodules after treatment and create
difficulties when interpreting tumor microvascularity interpretation. No single indicator
is sufficiently sensitive or specific [5]. Therefore, the results should be interpreted in
conjunction with clinical and case-history data, conventional US and the findings of other
imaging examinations if one is to improve diagnostic accuracy in the assessment of thyroid
nodules after treatment.
3.2.3. Radioactive Iodine Therapy (RAI)
In patients operated for papillary thyroid carcinoma (PTC), US should be used a few
months later in all patients as part of the investigation defining the response to adjuvant
therapy with radioactive iodine (RAI) therapy [64–66]. After this first assessment, the
American Thyroid Association (ATA) [65] and the European Thyroid Association (ETA) [64]
only exclude the need for repeat US in patients (1) with low-risk rates, (2) with excellent
response to therapy and (3) with persistently negative unstimulated Tg (u-Tg) and anti-Tg
antibodies (TgAb). Even in these cases, the recommendation of repeating a US at least
every 12–24 months within the first 5 years has recently been reiterated [66]. However, US
frequently reveals false positive lesions that raise patient concern and required fine-needle
aspiration (FNA) [67]. Most patients with PTC (except high-risk ones) will not develop
disease after treatment with RAI [65]. Consequently, the detection of a neck recurrence
requires that a US be performed in many patients as well as several examinations per
patient [67], sometimes followed by FNA, resulting in unnecessary expenditure. These
cases might be the subject of possible CEUS evaluation pre and post RAI.
In patients with macroscopically complete tumor resection who have recently re-
ceived RAI, a postoperative US (before RAI) has been shown to be a valuable proce-
dure [64–66,68,69] and CEUS may bring an added value. The indication of a US could
be selective in the first years after RAI when postoperative US has ruled out persis-
tent neck disease after total thyroidectomy, e.g., Rosario et al. [70] suggests that low-
or intermediate-risk patients with papillary thyroid carcinoma without persistent disease
after total thyroidectomy (including postoperative US and whole-body scanning) do not
J. Clin. Med. 2021, 10, 4559 8 of 13
require repeated US examinations during the first two years after treatment with RAI. In the
following years and up until the fifth year, this imaging method can be restricted to patients
with u-Tg ≥ 1 ng/mL [67] and seems to be unnecessary in patients with undetectable Tg
and TgAb.
3.3. Evaluation of Lymph-Node Local Staging Using CEUS
A correct locoregional staging of thyroid cancer through the identification of metastatic
lymph nodes (LN) is essential for proper clinical and surgical management, for the treat-
ment plan and the prognostic evaluation. Metastases from thyroid carcinoma, especially
in papillary thyroid cancer (PTC) which is the most common thyroid cancer, are found in
20–50% of all cases, even in small or occult neoplastic nodules [71]. Patients with cervi-
cal lymph node metastasis (CLNM) increase the recurrence risk of PTC, and associated
PTC-related death [72]. A key role in detecting pathological lymph nodes is played by
ultrasound, which is more effective than mere physical examination through the palpation
of the neck. At the same time, it is very effective from a cost-benefit point of view due
to its widespread diffusion and accessibility. Compared to the other techniques used for
the evaluation of the lymph nodes (CT, MRI techniques and PET), it turns out to be the
cheapest and least invasive. This is true also during the follow-up phase [73]. Moreover,
ultrasound contrast agents can be used in patients with impaired renal function and have a
lower incidence of severe allergic reactions than CT and MRI contrast agents [74].
The main B-mode sonographic features of neoplastic lymph nodes are a long-axis
diameter to short-axis diameter ratio (L/S ratio) of lesser than 2, a round shape, fatty
hilum loss, hyper-echogenicity and the presence of calcifications and cystic components.
However, all these signs can coexist both in healthy and pathological lymph nodes or have
low specificity for malignancy [74]. Furthermore, there is a large discrepancy of results
among the studies that analyze the effectiveness of preoperative ultrasound in the diagnosis
of CLNM. As shown in the Zhao et al. and Li et al. meta-analysis, preoperative ultrasound
demonstrates an intermediate sensitivity and a good but not excellent diagnostic efficacy
in the diagnosis of central and lateral CLNM of PTC [75].
Thus, nowadays, CEUS might improve ultrasound diagnostic accuracy for cervical
lymph node staging after PTC diagnosis. In fact, CEUS can be useful for the characterization
of focal US alterations in patients with suspicious LN metastatic involvement. Specifically,
CEUS emphasizes the micro-vascularization of the lymph node, where perfusion defects
are a sign of metastatic involvement: poor or absent vascularization can be identified in
widespread metastatic infiltration, corresponding to large areas of necrosis [8]. CEUS might
also be useful for characterizing focal cortical thickening identified on grey-scale ultra-
sonography. Metastatic deposits are less vascularized than the adjacent nodal parenchyma,
which is more evident during the parenchymal phase due to earlier contrast washout. On
the contrary, more often focal thickening in benign LN displays the same enhancement
features as the adjacent nodal tissue [8]. Furthermore, to improve differentiation between
benign and metastatic LN perfusion kinetics has been examined too. Benign LN shows
a centrifugal progression of enhancement, while a prominent centripetal enhancement is
more often observed in a metastatic LN. By analysing signal time-intensity curves and the
parametric images obtained through the perfusion parameters, it has also been noted that
in metastatic LN compared to non-pathological LN, the difference between peak signal
intensity in hyper enhancing and hypo enhancing regions is emphasized more [76].
In most of these studies the conventional US and CEUS combination is compared to
histological examinations (by dissection, gun biopsy) or FNA cytology as gold standard.
Hong et al. found some US and CEUS parameters useful in differential diagnosis between
benign vs. metastatic LN with high specificity and statistical significance. In particular:
L/S ratio < 2, ill-defined margins, hyper-echogenicity, cystic necrosis, calcification and
peripheral vascularity are found at baseline US; meanwhile, centripetal or asynchronous
perfusion (Figure 2a,b), non- or hyper-enhancement, perfusion defects and ring enhancing
J. Clin. Med. 2021, 10, 4559 9 of 13
margins are found using CEUS; lymph nodes with one or more of the previous features are
considered metastatic [77].
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tie ts it t least one alignant nodule detected using CE S; the values for sensitivity, specificity, ere
obtained though comparison with the histological examination.
Authors of the Studies Total Patients Patients ± Total Patients Sensitivity (%) Specificity (%) PPV 1 NPV 2 Accuracy
Xiang et al. [59] 82 65/82 82% 65% 90% 48% 79%
Zhan et al. [74] 56 33/56 65% 100% 100% 63% 78%
Hong et al. [77] 573 253/573 85% 94% 94% 86% 89%
Wang et al. [78] 285 102/285 67% 64–85% 3 - - -
Chen et al. [79] 206 46/206 90% 89% 90% 86 89
Tao et al. 4 [80] 275 127/275 72% 74% 70% 75% 73%
1 Positive Predictive Value; 2 Negative Predictive Value; 3 The study divides patients into two groups, PTC (>10 mm), PTMC (<10 mm);
4 The evaluation is based on a prediction model combining both the parameters obtained from the CEUS and clinical parameters.
Furthermore, both Hong et al. and Chen et al. demonstrate how a combination
of US and CEUS is more accurate on the whole than any of these two techniques used
individually: the Hong et al. paper reported a detected a B mode US + CEUS accuracy
of 92.2% (vs. 89.3% of CEUS and 84.6% of grayscale US alone) [77]; the Chen et al. paper
reported a B mode US + CEUS accuracy of 92.7% (vs. 89.1% of CEUS and 80.0% of grayscale
US alone) [79].
In addition, Zhan et al. proved that homogeneity, cystic change or calcification and
above, all peak-time intensity, were the three strongest independent predictors for CLNM
using CEUS [74]. However, only one previous study showed that no single conventional
ultrasonography or CEUS characteristics were conclusive enough to distinguish metastatic
thyroid nodules from indolent ones; anyway iso- or hypo-enhancements at peak time,
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especially in combination with several other parameters, might still be good predictors for
CLNM prognoses in PTC patients [81].
In conclusion, although the studies published to date are still too few, besides being
based on limited sample populations and the sensitivity and specificity values reported are
quite inhomogeneous, it is possible to state that CEUS could play a role in loco-regional
lymph-node evaluation in patients with malignant thyroid nodule.
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